


























































































































































































































































































































































































































Important global issues of the 21st 
century are: 
•    an increase in human population by an
      additional three billion by the middle 
of
      the 21st century, most of which is
      expected to occur in the developing
      countries; 
•     a decline in per capita availability of 
       cultivable land and renewable fresh



































    an increase in the atmospheric abundance 
      of CO2
      (from 385 ml L-1 in 2008 and increasing at the
       rate of c.2 ml L-1 year-1 and other GHGs  
•     an increase in energy demand from 
      440 EJ in 2007 and growing at the rate of



































•   an increase in food demand, especially
    in developing countries that are home
    to 850 million food-insecure people 
                                                    (Borlaug, 2007),
     and where the scarce natural resources 
     (per capita land area and water) are already
     under great stress; and 
•    an increase in the extent and severity of
     the human-induced soil degradation
     (1.94 billion ha globally and increasing
      at the rate of 5–10 million ha annually) 














































































































































































































Product Application Institution* 
Nanocides pesticides encapsulated in nanoparticles for   
controlled release 
BASF 
nanoemulsions for greater efficiency Syngenta 
Bucky ball 
fertilizer 




Adhesion-specific nanoparticles for removal of 










nanofibres from cotton waste for improved 




contamination of packaged food Nestle, Kraft 
pathogen detection Cornell Univ
Precision 
agriculture
nanosensors linked to GPS for real-time 




nano-veterinary medicine (nanoparticles,  buckyballs, 
dendrimers, nanocapsules for drug delivery, nanovaccines; smart 
herds, cleaning fish ponds (Nanocheck); feed (iron nanoparticles) 





































What will nano materials do to the 
environment? 
 Our expanding ability to 
synthesize nanoparticles 





catalytic, material etc. 
has alarmed concern for 
these particles role in 
environmental safety. 









































 System founded on the concept of 
interconnected nature of all life-forms and 
life-support-forms 
Relies on recycling and operation of 
system-components 
The system provides a framework where 


































 This is the only means of survival in the 
extraterrestrial planets, space stations, 
and in the Antarctica 
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Opportunities [USDA Report, 2003]
 ► Microfluidics
►BioMEMS
 ► Nucleic Acid Bioengineering 
 ► Smart Treatment Delivery Systems 
    (e.g., use of halloysite) 
 ► Nanobioprocessing
 ► Bioanalytical NanosensorsNat
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
80
8.
1 
: P
os
te
d 
18
 M
ar
 2
01
1
Opportunities [USDA Report, 2003]
 ► Nanomaterials 
►Bioselective Surfaces
►Environmental processing, pathogen 
detection, plant/animal production
 ► molecular and cellular biology
 ► The Integrated Pest Management (IPM) 
 ► Computerized control of the environment
►Nanobiotechnology
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  Nanotechnology in agriculture 
  is a castle in the air.
  It works, If scientists working on
  basic sciences put 
  foundation beneath it 
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